Seeds of rape (Brussica nupus L.) were germinated at various NaCl concentrations up to 200 mM.
Introduction
Salinity is a major environmental factor which limits the growth and yield of crops around the world [1,2]. It affects several aspects of plant metabolism, including lipid metabolism [3, 4] . T h e effects of salinity have been studied at various stages of plant growth. However, if much is known about the effect of salinity on crop plants, very few works have dealt with the physiology of oilseeds [5, 6] . T h e germination of lipid-rich seeds such as rapeseed has been shown to involve, among other processes, the rapid mobilization of storage triKey words: Brassrco nopus. germination, NaCI, tnacylglycerol.. Abbreviations used' TAG, tnacylglycerol. 'To whom correspondence should be addressed (e-mail douja daoud@)inrst.mrt.tn).
acylglycerols (TAGs) in the cotyledons of seedlings. Such hydrolysis of TAGs is catalysed by highly active lipases . This is the first step of T A G conversion to sugars required for growth of the germinating embryo [12]. There have been very few reports on the effects of salinity on storage-lipid degradation of oilseeds. Therefore, the aim of the present work was to study the influence of NaCl supplied at different doses on lipid degradation and lipase activity of Brassica nupus seeds during germination.
Experimental

Plant material
Rape seeds (B. napus L. cv. Drakkar), kindly supplied by D r A. Jouhri from INRAT (Tunis, Tunisia), were allowed to germinate in Petri dishes on filter paper moistened with distilled water containing various NaCl concentrations (0, 50, 100, 150, 200 mM) . Petri dishes were maintained in the dark at 25 "C. At different time intervals, cotyledons were separated from seedlings, rinsed with distilled water and used for biochemical analysis. 
Lipid analysis
Preparation of extracts
Cotyledons were excised from seedlings (1 00 pairs) and then ground gently with a mortar and pestle in 5 ml of the grinding medium described by Murphy et al. [9] . T h e filtered homogenate was used as the crude lipase preparation. 
Results and discussion
Control rape seeds germinated rapidly, since after 24 h of imbibition the germination levels exceeded 80%. However, there was retardation in germination of salt-treated seeds only on the first days of imbibition, because after the third day germination levels were higher than 80% for all applied NaCl doses ( Figure 1A ). In contrast, growth of seedlings as measured by length of radicle was severely depressed by salt concentrations higher than 5 0 m M . For the latter concentration, seedling growth was slightly reduced as compared with the control ( Figure 1B ). This finding is in good agreement with previous studies on sunflower [18] , groundnut [S] and Jojoba [6] seeds germinating in saline conditions. As shown by Table 1 , germination of rape seeds was accompanied by a considerable mobilization of TAGS. T A G constitutes the major form of lipid reserves, representing 92 yo of total lipids.
In control cotyledons, T A G molecules were quickly hydrolysed, since by the fourth day of germination more than the half of initial T A G content was broken down and by the tenth day the remaining T A G represented only 2.7 of initial amount, whereas, in salt-treated cotyledons, there was a delay in degradation that increased with increasing NaCl dose in the culture medium (Table 1) . T h e delay in TAG degradation caused by salt stress is probably due to an inhibition of lipase involved in T A G hydrolysis in cotyledons of germinated rape seeds.
Therefore, in vitro lipase activity, from cotyledons of rape seedlings treated with different salt concentrations, was investigated by supplying labelled T A G to enzyme extracts of 4-day-old cotyledons. T h e highest lipase activity was observed in control extracts, since 78 "4 of supplied T A G was hydrolysed (Figure 2 ). This T A G degradation was sharply inhibited in salt-treated extracts, especially at elevated salt concentrations. Thus in seedlings subjected to 200 m M NaCl this activity was totally inhibited and T A G levels were equal to those of dry seeds (results not shown).
Figure 2 Changes of crude lipase activity from cotyledons of 4-day-old rape seedlings with various NaCl doses
Activity is expressed in nmol of hydrolysed TAG/min per cotyledon pair (cp). 0 50 100 150 200 mM NaCI Subcellular fractionation of total extract from control or salt-treated cotyledons showed that the most lipase activity occurred in the microsomal fraction (100000 g pellet), as has been reported in previous studies [8, 9, 19] . Lipase activities from subcellular fractions ( Table 2 ) were found to decrease under increasing salt concentration, which confirmed our above results on crude lipase activity.
In conclusion, the decrease in seedling growth caused by salt treatment may be correlated with inhibition of T A G hydrolysis, a process which generates sugars for the growth of the germinating embryo. Furthermore, inhibition of lipase in cotyledons from salt-treated seedlings could be explained by a direct effect of NaCl ions on the enzyme, reducing its activity, or by an indirect effect of salt by modifying gene expression of the enzyme and then affecting its de ~O O O synthesis. However, it is well known that within the cells salt ions are compartmentalized, which may exclude the direct effect of NaCl. 
